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Summary...Summary...

Observational experiment (Haggles, SDSS) Observational experiment (Haggles, SDSS) 

Extract and study a large sample of strong gravitational lenses from the Extract and study a large sample of strong gravitational lenses from the 
CFHTLS Deep and Wide fieldsCFHTLS Deep and Wide fields

                                                      > 100   ->  possibly 1000> 100   ->  possibly 1000

of intermediate mass scales and with lens redshiftof intermediate mass scales and with lens redshift  up to z =1up to z =1

Prepare for large surveys (panSTARR, LSST) Prepare for large surveys (panSTARR, LSST) 

The CFHTLS SL2S projectThe CFHTLS SL2S project  
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Summary ...Summary ...

Extracting a well-defined statistically significant sample is a painful task on Extracting a well-defined statistically significant sample is a painful task on 
ground-based datasets.ground-based datasets.

-> JDEM, EUCLID-> JDEM, EUCLID

Massive IR telescope -> high-redshift sources, dusty lenses.Massive IR telescope -> high-redshift sources, dusty lenses.

The CFHTLS SL2S projectThe CFHTLS SL2S project  
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The intermediate mass scales: The intermediate mass scales: 
Galaxy GroupsGalaxy Groups

Three mass scales: Three mass scales: 

Galaxies  Galaxies  101077  < mass < < mass < 10101212 M M⊙⊙ (Baryon dominated) (Baryon dominated)

Clusters  mass > Clusters  mass > 10101414 M M⊙⊙ (DM dominated) (DM dominated)

Groups  Groups  10101212  < < mass < mass < 10101414 M M⊙⊙ (ideal labs for Baryon-DM interface) (ideal labs for Baryon-DM interface)

Most galaxies belong to groupsMost galaxies belong to groups

Groups are building blocks of clustersGroups are building blocks of clusters
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Lensing and dark matterLensing and dark matter

Thin lens + hypothese on the luminous Thin lens + hypothese on the luminous 

source population (Oguri 2006)source population (Oguri 2006)  

predicted  n /  1 sq°predicted  n /  1 sq°
Rings->Rings->10   10   Groups->Groups->1-2  1-2  Clusters->Clusters->0.5 0.5 (1)(1)

SplittingSplitting
Pucon Meeting: Clusters Nov 9-13Pucon Meeting: Clusters Nov 9-13

http://www.astro.ucla.edu/~wright/ACC.html


The CFHTLS Deep and Wide FieldsThe CFHTLS Deep and Wide Fields

Expected CFHTLS  Expected CFHTLS  

Rings           > Rings           > 1000         1000         Groups         >Groups         >100                 100                 Clusters        > Clusters        > 5050

MegaCamMegaCam

1deg1deg22 0.186”/pix 0.186”/pix

T0006T0006

Wide SurveyWide Survey

171 tiles171 tiles

155 deg155 deg22

146 unmasked146 unmasked

UUAB AB ~ 25~ 25

ZZABAB ~ 23 ~ 23

SDSS SDSS ugrizugriz
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The SL2S methodologyThe SL2S methodology

  Semi-automated detection on CFHTLSSemi-automated detection on CFHTLS

  High-resolution imaging follow-up (HST/AO)High-resolution imaging follow-up (HST/AO)

  Spectroscopic follow-up (Keck, VLT, Gemini)Spectroscopic follow-up (Keck, VLT, Gemini)

  Detailled lens modelling (Lenstool, ...)Detailled lens modelling (Lenstool, ...)

  Complete photometric analysis of lens environment (CFHTLS)Complete photometric analysis of lens environment (CFHTLS)

  Simulations for statistical completenessSimulations for statistical completeness
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Semi-automated detectionSemi-automated detection

Visual detection is not realistic...Visual detection is not realistic...
... neither is completely automated selection... neither is completely automated selection

=> Hybrid procedures=> Hybrid procedures

ARC FINDER (Alard, astro-ph/0606757, More ARC FINDER (Alard, astro-ph/0606757, More 
2009)2009)

RING FINDER (Gavazzi et al., in prep. 2007)RING FINDER (Gavazzi et al., in prep. 2007)
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Semi-automated detectionSemi-automated detection

ARC FINDER (Alard, astro-ph/0606757)ARC FINDER (Alard, astro-ph/0606757) RING FINDER (Gavazzi et al., in prep.)RING FINDER (Gavazzi et al., in prep.)
Detection:Detection: Based on color information  Based on color information 
(often rings are blue and lenses are red (often rings are blue and lenses are red 
early-type galaxies)early-type galaxies)

Method:Method:  
1-1-Fit a B-Fit a B-ααR profile consistent with the R profile consistent with the 
lens color. lens color. 

2-2-Identify a sharp elongated blue excess Identify a sharp elongated blue excess 
at 0.8<r<2.5'' above the (B-at 0.8<r<2.5'' above the (B-ααR) noise. R) noise. 
-> Selection in size, shape, orientation, -> Selection in size, shape, orientation, 
multiplicitymultiplicity

3-3-Visual classification or direct follow-upVisual classification or direct follow-up

  Number / degNumber / deg22

1- 3000  2- 50-200 3- 20 candidates!1- 3000  2- 50-200 3- 20 candidates!
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ARCFINDER EFFICIENCY ANALYSISARCFINDER EFFICIENCY ANALYSIS

Anupreeta More (in prep)Anupreeta More (in prep)



ARCFINDER EFFICIENCY ANALYSISARCFINDER EFFICIENCY ANALYSIS

Anupreeta More (in prep)Anupreeta More (in prep)
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GroupsGroups

Observed numbers / degObserved numbers / deg22

Galaxies   Galaxies   ~ 10 (Deep)~ 10 (Deep)

Groups     Groups     ~   1~   1

Clusters    Clusters    ~ 0.5~ 0.5

Brief overview on T0004...Brief overview on T0004...
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Large scale distribution of SL2S lenses...Large scale distribution of SL2S lenses...
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Large scale distribution of SL2S lenses...Large scale distribution of SL2S lenses...

SEEING?SEEING?
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Large scale distribution of SL2S lenses...Large scale distribution of SL2S lenses...

Gal. Density?Gal. Density?
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Large scale distribution of SL2S lenses...Large scale distribution of SL2S lenses...
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Local structure?Local structure?

@ z=0.5  1'->550kpc



SL2S T0005 bona-fi de sampleSL2S T0005 bona-fi de sample
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High-resolution follow-upHigh-resolution follow-up

ACS      CFHTLS              WFPC2/f606                              mixACS      CFHTLS              WFPC2/f606                              mix

ACSACS

55

WFPCWFPC

3838

ARCHARCH

33

++

cosmoscosmos
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Follow-ups: high-resolution imaging + spectroscopyFollow-ups: high-resolution imaging + spectroscopy

VLT/MOSVLT/MOS

ongoing...ongoing...

Vel. Disp.Vel. Disp.
Lens GroupLens Group

relaxed vsrelaxed vs
MergingMerging

Talk by T. VerdugoTalk by T. Verdugo

Poster Motta et al Poster Motta et al 
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Follow-ups: high-resolution imaging + spectroscopyFollow-ups: high-resolution imaging + spectroscopy

z_source = 1.847, 2.9z_source = 1.847, 2.9

ACS imaging (Kneib et al.)ACS imaging (Kneib et al.)

Keck Spec. (Treu et al.)Keck Spec. (Treu et al.)

z_lens = 0.647z_lens = 0.647

Ly-a     CIV  HeII  OII      CIII                       CIILy-a     CIV  HeII  OII      CIII                       CII
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SL2S02176-SL2S02176-05130513
Core/Cusp How many components?Core/Cusp How many components?

Profi le Halo Lens SIE vs NFW?Profi le Halo Lens SIE vs NFW?

Does Light traces DM, environment?Does Light traces DM, environment?

Hong Tu, Gavazzi et al., 2009Hong Tu, Gavazzi et al., 2009

DETAILED MODELLING OF RING SL2SJ02176-0513DETAILED MODELLING OF RING SL2SJ02176-0513

Modelling with 6 Modelling with 6 
parameters, double parameters, double 
arc system with 20 arc system with 20 
constraintsconstraints
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Follow-ups: high-resolution imaging + spectroscopyFollow-ups: high-resolution imaging + spectroscopy

z_source = 1.847z_source = 1.847

Keck Spec. (Treu et al.)Keck Spec. (Treu et al.)
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Group LensesGroup Lenses

(Marceau Limousin et al., 2009)(Marceau Limousin et al., 2009)

Strong Lensing Strong Lensing by by Groups of Galaxies:Groups of Galaxies:
Opening a New Window of Exploration in the Mass Opening a New Window of Exploration in the Mass 
SpectrumSpectrum

• • New Insight into the New Insight into the intermediate mass intermediate mass regimeregime
• • Strong Lensing as a Probe of the Mass Distribution Strong Lensing as a Probe of the Mass Distribution Beyond Beyond 
the Einstein Radiusthe Einstein Radius
●15 Groups, 15 Groups, z z = 0= 0..2 2 � � 00.9.9
• • M/LM/L((zz) vs. Clusters & Galaxies) vs. Clusters & Galaxies
• • sub-structuressub-structures
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Group LensesGroup Lenses

 

 

 

Luminosité vs redshiftLuminosité vs redshift

Pucon Meeting: Clusters Nov 9-13Pucon Meeting: Clusters Nov 9-13



Group LensesGroup Lenses

 

 

 

Sigma_WL vs redshift                       Sigma_WL vs redshift                       M/L vs redshiftM/L vs redshift
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To Be DoneTo Be Done

Ray tracing in simulated groups: lens statisticsRay tracing in simulated groups: lens statistics

Statistical analyses to characterize the SL2S Statistical analyses to characterize the SL2S 
sample, coupling CDM/SPH simulations with ray-sample, coupling CDM/SPH simulations with ray-
tracing for theoretical prediction (Pichon, Aubert, tracing for theoretical prediction (Pichon, Aubert, 
Alard, ...)Alard, ...)

Characterizing the observational selection, and Characterizing the observational selection, and 
lensing environment for all lenses/arcslensing environment for all lenses/arcs

Weak lensing analyses on the more massive Weak lensing analyses on the more massive 
lenseslenses
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CONCLUSIONSCONCLUSIONS

The CFHTLS offer a large sample of group lenses The CFHTLS offer a large sample of group lenses 
to be studied as a homogeneous sample: SL2S.to be studied as a homogeneous sample: SL2S.

We are beginning to understand the selection We are beginning to understand the selection 
biases and selection function of SL2S.biases and selection function of SL2S.

Anisotropies may be seen in the distribution of Anisotropies may be seen in the distribution of 
SL2S lenses on scales of 300 MpcSL2S lenses on scales of 300 Mpc
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